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A B S T R A C T
Objective: Diabetes Mellitus is well known to be associated with several oral complications. Thus, this study
investigated the effect of diabetes on the cementum-periodontal interface by light and scanning electron mi-
croscopy.
Methodology: This investigation was carried out on twenty eight male albino rats weighing from 200 to 220 gm;
rats were divided into two groups: group I (control): fourteen animals received intraperitoneal single dose of
1 ml Citrate buffer, group II (diabetic): fourteen animals that were rendered diabetic by intraperitoneal single
dose of streptozotocin 40mg/kg body weight dissolved in 1ml Citrate buffer and sacrificed 3 weeks after de-
tection of diabetes. Plasma glucose level> 300mg/dl confirmed diabetes after 3 days. Half of lower jaws
specimens were processed for H&E examination by light microscopy of cementum-periodontal interface. From
the other half of specimens; extracted mandibular first molars were examined by SEM for changes of cementum
surfaces.
Results: Comparing to control group, diabetic rats showed periodontal fibers disorganization and degeneration
with loss of Sharpey's fibers attachments. Increased cementoid, resorptive areas of both cementum surface and
alveolar bone were evident in addition to the alterations of bone trabeculae.
Conclusions: Diabetes mellitus was associated with variable deleterious effects on periodontium. The histological
and scanning electron microscopy changes were most obviously on PDL and least on cementum.
1. Introduction
Cementum is a nonuniform, avascular, not innervated, mineralized
connective tissue covers the root dentin and possibly part of the cervical
enamel. It serves as an attachment structure for the periodontal liga-
ment [1,2]. Different varieties of cementum were identified in human
teeth, the cellular mixed stratified cementum variety in which alter-
native deposition of acellular extrinsic and cellular intrinsic fiber ce-
mentum was not found in rodent molars but is always present in human
teeth in both apical and furcation portions [3,4]. The thickness of the
cementum layer in healthy subjects is thinnest in the cervical region
(20–50 μm) and thickest (150–200 μm) in apical and multirooted fur-
cation regions of teeth [5]. Moreover, Michele et al. [6] stated that
cementum exhibits little or no remodelling, but continues to grow in
thickness throughout life. It is the adaptable component of period-
ontium that may respond to functional changes by apposition and
patchwise resorption [7]. The morphology of cementum surface in
human teeth was studied by scanning electron microscopy showing that
extrinsic Sharpey's fibers occupied almost 100% of acellular cementum
surface, about 40% of the surface in cementum with intrinsic fibres but
no cells, and 15–40% in cellular cementum. In some regions, no acel-
lular extrinsic fiber cementum could be observed at the very cementum
surface [7,8].
Mario et al. [9] described the periodontal ligament (PDL) on light
microscope as a band-like fibrous formation connecting radicular ce-
mentum with alveolar bone. Furthermore Antonio and Martha [3]
added that the cells of periodontal ligament together with the collagen
fiber bundles were embedded in the amorphous ground substance.
Sharpey's fibers are defined as the collagen fibers of PDL that embedded
in cementum and alveolar bone forming an enthesis into both miner-
alized tissues. The location of Sharpey's fibers is limited to regions
closer to the edges of the respective bone and cementum.
It was reported that the genetic, clinical, radiographic and histolo-
gical aspects of rat periodontium are similar to those of human
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periodontium [10]. Bjarne [11] reported that rat alveolar bone has a
more simple structure than that of human. Haversian systems are nu-
merous in rats but less well developed than in man.
Diabetes mellitus (DM) is a metabolic disease leading to abnormal
fat, carbohydrate and protein metabolism. James et al. [12] stated that
type I DM is caused by an absolute deficiency of insulin secretion re-
sulting from autoimmune destruction of pancreatic beta-cells (β cells)
leading to insufficient production of insulin thus patients are highly
susceptible to diabetic ketoacidosis that if untreated can result in coma
or death. Lawrence et al. [13] cited that symptoms of marked hy-
perglycemia (primary feature of diabetes) include polyuria, polydipsia,
polyphagia, weight loss and susceptibility to certain infections. The
high morbidity and mortality rates in diabetics are associated with
microvascular and macrovascular complications as accelerated ather-
osclerosis.
Zachariasen [14] and Mandel [15] illustrated oral manifestations of
diabetics as altered wound healing, increased incidence of infection,
xerostomia, sialadenitis, dysgeusia, halitosis, cheilitis, glossodynia and
oral ulcers. Likewise, the increased glucose concentration in blood and
gingival fluid in diabetics results in classic signs and symptoms of
gingivitis and severe periodontitis [16–18]. Therefore Brian [19] and
Gokhan et al. [5] added that the risk of PD fibers attachment loss and
alveolar bone loss in diabetics was approximately threefold when
compared to nondiabetics. Hyun et al. [20] found that the high glucose
levels in diabetics impair the capapility of periodontal regeneration.
Huafei et al. [21] stated that Streptozotocin-induced diabetes mel-
litus (STZ-DM) is similar to type I DM in human and exhibits many of
DM complications including angiogenesis, diminished growth factor
expression and reduced bone formation. As well, Yasuhiro et al. [22]
demonstrated extensive alterations in bone and mineral metabolism,
significant reduction in parameters for both bone formation and re-
sorption as well as diabetic osteopenia in STZ-induced diabetic mice.
Mona et al. [23] added that in STZ-induced diabetic rats, the early stage
of DM produced changes in alveolar bone turnover and thus increased
the incidence of periodontal disease.
This study aimed to assess the effect of type 1 diabetes mellitus on
the cementum-periodontal interface using light and scanning electron
microscopy.
2. Materials and methods
2.1. Animals
Twenty eight adult male albino rats weighing from 200 to 220 gm
and aged 5–6 months were selected [24] and recorded in “The Medical
Research Center”, Faculty of Medicine, Ain Shams University. The an-
imals were housed in wire mesh cages under the optimal experimental
conditions; temperature and humidity conditions were controlled as
possible during the experimental period. Animals were fed certified
pelleted diet and water ad-libitum. One week before the experiment,
the rats were given an acclimatization period in the experimental unit
and their blood sugar and body weight were recorded before the ex-
periment.
Experimental design: The animals were divided into two groups.
Group I (control): Consisted of fourteen animals received a single
dose of 1ml Citrate buffer by intraperitoneal injections. Animals of this
group were sacrificed at the same time with animals of gpII.
Group II (Experimental diabetic): Consisted of fourteen animals
that were rendered diabetic by intraperitoneal injection of
Streptozotocin.
Diabetes induction: The rats were fasted for 14 h and diabetes was
induced by an intraperitoneal single injection of 40mg/kg body weight
Streptozotocin (STZ) (Sigma, St. Louis, MO, USA) freshly dissolved in
1ml Citrate buffer (0.01M; pH 4.5). After the injection, the animals
were given free access to water and food. Blood samples were obtained
via vein puncture of the tail under ether anaesthesia. A plasma glucose
level greater than 300mg/dl confirmed the presence of diabetes that
determined 3 days after the drug injection using a glucometer [24].
Three weeks after detection of diabetes, animals of both groups
were sacrificed by an intracardiac anesthetic overdose (sodium thio-
pental 80mg/kg). The lower jaws of all rats were dissected free and
splitted into two halves using surgical scissors. One half was processed
for routine histological examination by light microscope. From the other
half, extraction of the first mandibular molar was done and processed
for examination by scanning electron microscope. The specimens were
rinsed in a water beaker, and then placed in capsules carrying certain
codes for each rat.
2.1.1. For light microscopic examination
Jaw specimens were fixed immediately in 10% formaldhyde solu-
tion for 72 h. Then, the specimens were decalcified with 10% ethylene
diamine tetra-acetic acid (EDTA) solution at 4 °C for about 5 weeks.
Then, dehydration in a series of increasing concentrations of alcohol
was done followed by alcohol clearance using xylene. Next, the speci-
mens were infiltrated and embedded in paraffin. Sections of 5 μm
thickness were mounted on regular glass slides [25]. Sections were
stained by Hematoxyline and Eosin (H&E) for routine histologic ex-
amination by research light microscope.
2.1.2. For scanning electron microscopic examination
The extracted mandibular 1st molars from the other jaws halves
were fixed immediately in buffered glutaraldehyde (2.5% glutar-
aldehyde in 0.1 Molar phosphate buffer) pH 7.2, for 2 hs. Then, molars
of each group were randomly and equally divided into two samples A, B
(7molars each for groups I and II). a) for sample A molars, the roots
surfaces were examined immediately in the untreated post extraction
condition [26]. b) for sample B molars, the roots surfaces were che-
mically debrided by immersion in 5% sodium hypochlorite at room
temperature for 20 minuits [27]. Then all rinsed 2 times in phosphate
buffer 15min for each. Dehydration was then done in a series of in-
creasing concentrations of water/ethanol mixture for 24 hs and 3 times
in 100% ethanol for 24hs. Then the specimens were dried in a de-
siccator for 2hs after that ethanol is substituted by acetone stepwise, the
specimens were stored for 24 hrs in acetone concentrates of (80–96%)
and 3 times 24 hs in 100%. Dryness in a desiccator for 2 hs was done
then by using CO2 and followed by the vaporization of CO2 very slowly
over a period of 4 hs. Finally, specimens were fixed on a stub and
sputtering with 200ºA gold layer with an anatech hummer VII sput-
tering system [28]. Examination of specimens using scanning electron
microscope (Philips XL-30) in Anatomy department, Faculty of Medi-
cine, Ain Shams University was done.
3. Results
3.1. Light microscopic results
3.1.1. Group I (control group)
Examination of H&E stained sections of control group showed
normal architecture of principal bundles of periodontal ligament in-
cluding gingival fibers, transseptal ligament & both alveolar crest and
horizontal groups of alveolodental ligament. Molar roots dentin was
covered by thin acellular extrinsic fiber on the cervical two thirds of the
root (Fig. 1). This normal architecture was seen also in oblique & apical
groups of the alveolodental. A thicker cellular intrinsic fiber cementum
was distributed along the apical third or half of the root. Cementoblasts
were seen close to the cellular cementum interposed between PDL fiber
bundles. Moreover, Oval spiderlike cementocytes were entrapped in
cellular cementum (Fig. 2). Inserting Sharpey's fibers were evident in
acellular, cellular cementum and bundle bone. Fibroblasts with their
eccentric elongated nuclei arranged in parallel with the direction of the
collagen fibers. Bundle bone appeared with well-organized trabeculae
of woven and lamellar bone containing few osteocytes. Plump
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osteoblasts bordered alveolar bone trabeculae and marrow spaces
(Figs. 1 and 2).
3.1.2. Group II (diabetic)
Streptozotocin-induced diabetic rats compared to control animals;
rats lost weight during the 21-days experimental period & were mark-
edly hyperglycemic as blood sugar level ranged from (350–650mg/dl)
compared to control rats as in which it ranged from (92–114mg/dl).
Examination of Hematoxyline and eosin (H&E) stained sections of gpII
demonstrated principle fibers of periodontal ligament thin with wide
spaces in some regions. Disorganization and degeneration of the fibers
were detected with partly or complete attachment loss of Sharpey's fi-
bers to bone and cementum (Fig. 3). Fibroblasts exhibited disorienta-
tion and irregular morphology with shrunken not well delinated in-
tensely stained nuclei. In filteration of inflammatory cells was also
observed (Fig. 4). Irregular uneven thickness of mineralized cementum
with irregular surface and increased amount of cementoid were noticed
(Fig. 5). Cementum surface with reversal line and multinucleated giant
cells were detected at the root surface (Fig. 6). Alterations of alveolar
bone trabeculae were seen in architecture, thickness and expansion of
marrow spaces. Apparent decrease of bone cells (osteoblasts, osteocytes
and osteoclasts) with apparent variation in H&E staining reaction of
bone matrix was marked. Bone resorption, multinucleated giant cells
and reversal lines with Howship's lacunae were also detected at bone
surface (Figs. 7 and 8).
Fig. 1. Photomicrographs of dentoalveolar complex of gpI showing arrange-
ment of periodontal ligament (PDL) fibers and fibroblasts of gingival fibers [1],
transseptal ligament [2], alveolar crest gp [3], horizontal gp [4], acellular ce-
mentum (AC) and bundle bone (B) (H&E x200).
Fig. 2. Photomicrographs of dentoalveolar complex of gpI showing oblique &
apical fibers of alveolodental ligament, cellular cementum(CC) and bundle
bone (B) (H&E x 200).
Fig. 3. Photomicrographs of gpII; showing PDL fibers disorganization, degen-
eration & fibers attachement loss (arrows) (H&E x 400).
Fig. 4. Photomicrographs of gpII; showing disorientation of periodontal fibro-
blasts with their elongated intensely stained nuclei & inflammatory cells in-
filteration (arrow) (H&E x 400).
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3.2. Scanning electron microscopic results
Examination of root surface of first mandibular rat molar.
3.2.1. Group I (control group)
3.2.1.1. Untreated surfaces in the post extraction condition (sample
A). Cervical third: Thick periodontal collagen bundles obliterated the
surface of acellular cementum with densely packed and strongly
attached Sharpey's fibers to cementum. Spaces for cells and blood
vessels were seen among the fibers (Fig. 9).
Apical third: The insertions of the Sharpey's fiber bundles to ce-
mentum and the low mound projections of the less densely packed
ruptured Sharpey's fibers with varying diameters were observed. Only
in very small areas, cellular cementum surface proper could be seen
(Fig. 10).
3.2.1.2. Chemical debridement (sample B). Cervical third: SEM of
chemically debrided surface of 100% Sharpey's fibers acellular
cementum, showed slightly smooth surface with mosaic like
appearance (Fig. 11).
Apical third: Cementum surface appeared rough and irregular with
dissolved Sharpey's fibers. Holes of disintegrated Sharpey's fibers and
cementocytic lacunae were also observed (Fig. 12).
Fig. 5. Photomicrographs of gpII; showing cementum with increased cementoid
(white arrow) (H&E x400).
Fig. 6. Photomicrographs of gpII; showing cementum with reversal line (black
arrow) (H&E x 400).
Fig. 7. Photomicrographs of gpII; showing alveolar bone resorption (black
arrow) (H&E x 200).
Fig. 8. Photomicrographs of gpII; showing widening of bone marrow spaces,
multinucleated giant cells with bone resorption (black arrow) (H&E x 200).
PDL: Periodontal ligament, C: Cementum, AC: acellular cementum, CC:Cellular
cementum, B: Bundle bone.
Fig. 9. Scanning electron micrographs of 1st molar untreated root surface of
gpI; Cervical third showing cementum surface obliterated by a mat of Sharpey's
fibers with empty spaces of cells and blood vessels (arrows) (x1500).
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3.2.2. Group II (diabetic)
3.2.2.1. Untreated surfaces in the post extraction condition (sample
A). Cervical third: Root surface lost most of its Sharpey's fibers
attachment resulted in appearance of areas of cementum proper.
Acellular cementum surface with mosaic like pattern showed changed
surface architecture and destroyed Sharpey's fibers attachment
compared to control gp (Fig. 13).
Apical third: Extensive areas of cellular cementum entirely devoid of
penetrating extrinsic Sharpey's fibers were found (Fig. 14).
3.2.2.2. Chemical debridement (sample B). Cervical third: Diabetic root
surface in mosaic like pattern showed acellular cementum surface with
changed architecture, several apparently wide cracks and surface
pitting. These resorption pits were seen to be the sites of
commencement of repair cellular cementum deposition (Fig. 15).
Acellular cementum with several cracks was seen. Badly destructive
cementum surface showing multiple shallow and deep resorption bays
was observed with loss of cementum characteristic morphology
(Fig. 16). Shallow isolated lacuna showed irregularly distributed
Fig. 10. Scanning electron micrographs of 1st molar untreated root surface of
gpI; Apical third showing Sharpey's fiber bundles projecting from cementum
and low-mound projections of ruptured Sharpey's fibers (arrows) (x1500).
Fig. 11. Scanning electron micrographs of 1st molar root surface after chemical
debridement of gpI; Cervical third showing the mosaic like acellular cementum
surface regular with narrow cracks (x500).
Fig. 12. Scanning electron micrographs of 1st molar root surface after chemical
debridement of gpI; Apical third showing cementum surface with narrow
cracks, small holes of disintegrated Sharpey's fibers & cementocytic lacunae
(arrows) (x500).
Fig. 13. Scanning electron micrographs of untreated rat 1st molar of gpII;
Cervical third showing acellular cementum with irregular areas of cementum
proper with no Sharpey's fibers attachment (x1500).
Fig. 14. Scanning electron micrographs of untreated rat 1st molar of gpII;
Apical third showing wide area of cellular cementum surface with no fiber
attachments (x1500).
Fig. 15. Scanning electron micrographs of gpII after chemical debridement of
rat 1st molar; Cervical third showing acellular cementum surface with changed
architecture, wide cracks and pitting in some areas (arrow) (x500).
M.A. El-Zainy et al. Future Dental Journal 4 (2018) 181–188
185 185
El-Zainy et al.: Effect of diabetes mellitus on cementum periodontal interface in
Published by Arab Journals Platform, 2018
cementum repair at the periphery and the floor of the resorption bay
with or without cut Sharpey's fibers projections (Fig. 17).
Apical third: Increased overall roughness of cellular cementum sur-
face was seen by jagged projections of irregular mineralized Sharpey's
fibers. Holes of disintegrated Sharpey's fibers and increased cemento-
cytic lacunae were also seen (Fig. 18).
4. Discussion
The cementum-periodontal interface, as a portion of dentoalveolar
complex was monitored in this study to detect the alterations caused by
DM. Gokhan et al. [5] proved that tooth mobility and loss are among
diabetes complications and occur as a result of periodontitis. In the
present study, examination of H&E sections by light microscopy was
utilized to show the histological changes of periodontal ligament, ce-
mentum (acellular & cellular) and alveolar bone in streptozotocin-in-
duced diabetes mellitus. Herein, SEM was used to examine root surface
in untreated post extraction condition [26] to illustrate the relative
amount of attached periodontal fibers to cementum (acellular & cel-
lular). Moreover, other samples were chemically debrided before root
surface examination [7,29] to remove the non mineralized organic
components thus showing the mineralized cementum surface (acellular
& cellular).
SEM of untreated samples of control gp showed ruptured Sharpey's
fibers in acellular cementum (cervical third) as densely packed low
mound projections. While in cellular cementum (apical third) less
densely packed Sharpey's fibers projections were seen. These results are
coincident with Boyde and Jones [30] who found in human, rats, and
some animals that the discrete zones of projections seen by SEM above
the plane of cementum mineralization front indicating the distribution
of mineralized Sharpey's fibers which mineralized to a level above that
of the intrinsic matrix of cementum. Furthermore, SEM results of che-
mically debrided samples of control gp showed cellular cementum
surface (in apical third) with more roughness and irregularities than
that of acellular cementum (in cervical third), this could be attributed
to the lesser degree of density and mineralization of Sharpey's fibers at
cellular cementum surface compared to acellular cementum. These re-
sults are in agreement with Jones and Boyde [8] and Schroeder [31]
who found that the 100% Sharpey's fibers cementum (acellular ce-
mentum) in human presented the inserting fibers with a mineralized
center further away from the overall level of cementum surface with
about 45–60% overall degree of mineralization. While in 40% Sharpey's
fiber cementum (cellular cementum), the fiber was much less miner-
alized so that overall degree of mineralization is less and is more
variable. Moreover, Boyde and Leseter [32] stated that there was an
inverse correlation between the degree of mineralization of a calcified
collagenous matrix and the manifestation of a fuzzy texture; meaning
the tendency of the fibrils to tear out of the plane rather than break
cleanly.
Comparing to the control group, routine light microscopic results of
diabetic gp revealed disorganization and degeneration of periodontal
ligament fibers with infiltration of inflammatory cells. This could be
attributed to periodontitis that was described by Sodek [33] who found
that the degradation of PDL collagen fibers during inflammation was
caused by the release of extracellular collagenolytic enzymes of fibro-
blasts thus afforded a more rapid and extensive degradation around the
cells. Moreover, a decrease in PDL cells that exhibited irregular nuclear
morphology as well as the increased inflammatory cells in areas of
degenerated PDL fibers were marked in our H&E sections of diabetic gp.
Moon, [34] reported that there might be a regulatory mechanism(s) by
which PDL fibroblasts maintain their phenotype or differentiate into
cementoblasts or osteoblasts. The expression of numerous epidermal
growth factor receptors on fibroblasts in functional PDL may be asso-
ciated with the maintenance of their phenotype as PDL fibroblasts,
paravascular cells and pre-osteoblasts. The loss of EGF-Rs is related to
the differentiation of these cells into mineralized tissue forming cells.
Furthermore, it was found that high glucose concentration level de-
creased the proliferative capacity of PDL cells and induced resistance to
growth factors. Thus, inhibition of PDL cells differentiation and mi-
neralization occurred in high glucose levels [20,35].
In this work, some inflammatory and multinucleated giant cells
besides the other periodontal ligament cells were presented in PD areas
adjacent to cementum with the loss of fibers attachement to acellular
and cellular cementum. Likewise, SEM results of untreated samples
(cervical and apical thirds) in diabetic gp ensured H&E results as partial
or complete destruction of Sharpey's fibers attachment to cementum
was illustrated resulting in appearance of areas of cementum proper.
This result is in agreement with Sunita et al. [36] who reported that
Fig. 16. Scanning electron micrographs of gpII after chemical debridement of
rat 1st molar; Cervical third showing cementum surface with cracks and re-
sorption bay's (arrows) (x500).
Fig. 17. Scanning electron micrographs of gpII after chemical debridement of
rat 1st molar; Higher magnification of resorption bay's filled with repair ce-
mentum and disintegrated Sharpey's fibers projections (arrows) (x1500).
Fig. 18. Scanning electron micrographs of gpII after chemical debridement of
rat 1st molar; Apical third showing cementum surface with projections of
Sharpey's fibers. Note holes of disintegrated Sharpey's fibers (arrow heads) and
cells lacunae (arrows) (x500).
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5–15 μm wide fibrous region at the root surface has a hygroscopic
nature due to the dominance of hydrophilic organic components as
glycosaminoglycans, take up water and form stable hydrates [37]. This
suggested that this fibrous region may be hypomineralized, making it
susceptible to degradation by the inflammatory products due to peri-
odontitis. Furthermore, SEM of chemically debrided samples of diabetic
gp revealed badly destructive cementum surfaces with multiple areas of
resorption were found particularly in cervical third. Moreover, in some
areas, surface pitting was also observed. These findings may be resulted
from diabetes associated periodontitis. These results are in agreement
with Bilgin et al. [38] who studied by SEM the morphological changes
of root cementum layers due to periodontal disease in hopeless ex-
tracted teeth and found that presence of cervical root resorption was
triggered by the inflammatory process occurred in adjacent connective
tissue as a result of periodontitis. Crespo et al. [39] detected histolo-
gical alterations in root cementum of extracted teeth in different stages
of adult periodontitis. The increase in the resorption areas of cementum
surface and the severity of periodontal disease that led to more de-
tachment of periodontal ligament fibers were mainfested. In disagree-
ment with these findings, Lopez et al. [40] suggested that systemic
factors were not an important etiological factor for development of
periodontal inflammation and could result from local factors depending
on the presence of resorption which would be found in teeth of healthy
and unhealthy subjects. In our work, the chemically debrided speci-
mens presented cellular cementum of apical third with Sharpey's fibers
projections as flat topped with slit or holes. In coincident with these
findings, these projections were described as pointed, jagged mineral
fronts of Sharpey's fibers corresponding to the more peripheral parts of
the fiber that surrounded an unmineralized core (depression). This in-
dicated that active mineralization proceeded in an irregular fashion [8].
Additionally in this work, histological sections of diabetic gp
showed areas of new cementum repair with irregularities of cementum
surface. Likewise, the SEM chemically debrided samples showed areas
of earlier repair of resorption bays with deposition of new repair ce-
mentum at the bays periphery and floor in the cervical third. This new
cementum seemed with or without Sharpey's fibers insertions that
evidenced by the low mound projections of ruptured fibers at the edges
and floor of the bays. These findings are coincident with those of Jones
and Boyde [8] who reported that resorption areas appeared to be the
nucleus for new cementum formation; cellular cementum containing
lacunae and its constituents. It was formed as a response to the need of
repairing the resorbed areas that was filled up first with small clusters
of mineral particles that usually flowed over on the surrounding un-
resorbed cementum surface.
Light microscopy of diabetic gp sections showed uneven irregular
cementum thickness with increased amount of cementoid on acellular
and cellular cementum. In agreement with this result Gokhan et al. [5]
stated that irregular thickness of cementum (increase or decrease) can
be idiopathic or may result from local factors or could arise from sys-
temic conditions like diabetes. Moreover, Bilgin et al. [38] suggested
that the possible mechanism of irregular thickness of diseased ce-
mentum was the interruption of continuous cementum deposition
during the inflammatory process in the adjacent connective tissue as a
result of periodontal disease, while cementum apposition in the healthy
parts was continuing.
H&E sections of diabetic gp showed inflammatory cells infiltrates in
areas of disintegrated PDL fibers and resorbed alveolar bone as well as
alterations in periodontal fibers attachment to alveolar bone. In con-
currence with this result, Philip [41] reported that there is a link be-
tween poorly controlled diabetic patients and the chronic immune-in-
flammatory response in which excessive and/or dysregulated local
production of inflammatory mediators leads to clinical signs of peri-
odontitis. These signs are characterised by alveolar bone destruction
and loss of Sharpey's fibers attachment. As well light microscopy of
alveolar bone in diabetic gp showed alterations in architecture and
thickness of alveolar bone trabeculae with expansion of marrow spaces.
Areas of bone resorption and Howship's lacunae were also noticed.
These results may be attributed to diabetes associated periodontitis.
These findings were elucidated with various mechanisms contributed to
the pathogenesis of diabetic bone disease and bone abnormalities such
as insulin deficiency, hyperglycemia, disturbances in calcium and vi-
tamin D metabolism, chronic malnutrition, microvascular disease of
bone and negative bone balance [42,43]. Moreover, Bosshardt [2],
Teng [44] and Olszewska et al. [45] stated that normal bone re-
modelling depends on the delicate balance between bone formation and
resorption and associated with RANK/its ligand RANK-L/osteoprote-
gerin balance. RANK-L and Osteoprotegerin are expressed by stromal
cells, PDL fibroblasts and osteoblasts whereas RANK is expressed by
osteoclasts precursors. The binding of RANK and RANKL induces os-
teoclastic differentiation and activity. Osteoprotegerin competes for
this binding and functions as natural inhibitor of osteoclasts differ-
entiation and activation. Periodontal infection increases the systemic
release of proinflammatory cytokines which can shift the balance to-
wards increased bone resorption. Comparing to control group, diabetic
group of our work also manifested apparent decrease of bone cells
(osteoblasts, osteocytes and osteoclasts) was observed. Furthermore,
bone matrix showed in many areas noticeable variation in H&E staining
reaction. This may reflect the variation in the degree of bone miner-
alization. In clarification of our results, it was evident that normal in-
sulin hormone level exerts direct anabolic effects on bone cells. Insulin
directly mediated stimulation of osteoblasts in combination with in-
hibition of osteoclasts. In diabetes, the inhibition of osteoblastic activity
exceeded that of osteoclastic activity. Thus, insulin deficiency in dia-
betes has a deleterious effect on osseous turnover due to the decrease in
osteoblastic and osteoclastic numbers and activities which in turn
caused the lower percentage of osteoid surface as well as increased the
time for mineralization of osteoid tissue [42,43,46]. Hideki et al. [43]
added that decreased bone turnover was thought to result in diabetic
osteopenia.
We concluded that diabetes mellitus was associated with variable
deleterious effects on periodontium. The histological and scanning
electron microscopy changes were most obviously on PDL and least on
cementum.
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